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@ Chlorosulfonated polyolefin-modified polyurethane and polyurea compositions and process for
making same.

@ A chlorosulfonated olefin polymer resin composi-
tion comprising the reaction product of:
a) 1-80% by weight, based on the weight of the
resin, of a chlorosuifonated olefin polymer having
a chlorine content of about 20-60% by weight and
a sulfur content of about 0.5-10% by weight;
b) 5-90% by weight, based on the weight of the
resin, of a compound selected from the group
consisting of polyols, polyamines, and mixtures
thereof, wherein the equivalent ratio of the com-
pound to sulfur in the chlorosulfonated olefin poly-
mer is greater than 1:1 and the compound has an
equivalent weight up to 5,000; and
¢) at least 5% by weight, based on the weight of
the resin, of a polyisocyanate; is disclosed as well
as the process for making same.
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CHLOROSULFONATED POLYOLEFIN-MODIFIED POLYURETHANE AND POLYUREA COMPOSITIONS AND
PROCESS FOR MAKING SAME

BACKGROUND OF THE INVENTION

This invention relates {o novel polyurethane
and polyurea resin compositions containing
chlorosulfonated olefin polymer blocks.

Polyurethane resins have found widespread ap-
plication in the manufacture of articles that must be
tough, abrasion-resistant, and which must exhibit
some degree of flexibility. However, the degrada-
tion which results when the resins are exposed to
various environments has limited their usefulness.
Chlorosulfonated polyolefins are widely known and
widely used elastomers which exhibit excellent re-
sistance to acids, bases, and solvents. They also
exhibit a high degree of flexibility, ozone resis-
tance, and general overall weatherability as well as
reduced surface tension. These properties are de-
rived from the presence of chlorine on the polymer
backbone. it would be impractical fo chlorinate
polyurethanes or polyureas to try to improve their
properties. However, it has now been found that
when chlorosulfonated polyolefins are reacted with
polyols and/or polyamines and the resultant inter-
mediate is further reacted with polyisocyanates,
polyurethane or polyurea resins are obtained which
exhibit improvements in chemical resistance, flex-
ibililty, and overall weathering while still retaining
the desirable properties of polyurethanes and
polyureas.

SUMMARY OF THE INVENTION

This invention is directed to cured polyure-
thane or polyurea resin compositions having
chlorosulfonated polyolefin blocks incorporated
therein and to a process for preparing said resin
compositions.

More specifically this invention is directed to a
chlorosulfonated olefin polymer resin composition
comprising the reaction product of:

a) 10-80 % by weight, based on the weight of
the resin, of a chicrosulfonated olefin polymer
having a chlorine content of about 20-60% by
weight and a sulfur content of about 0.5-10% by
weight;

b) 5-90% by weight, based on the weight of the
resin, of a compound selected from the group
consisting of polyols, polyamines, and mixtures
thereof, wherein the equivalent ratio of the com-
pound to sulfur in the chlorosulfonated olefin
polymer is greater than 1:1 and the compound
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has an equivalent weight up to 5,000; and
¢) at least 5 % by weight, based on the weight
of the resin, of a polyisocyanate.

In addition the invention is directed to a pro-
cess for preparing the above-described chlorosul-
fonated olefin polymer resin compositions which
comprises contacting:

a) 10-80 % by weight, based on the total weight
of the composition, of a chlorosulfonated olefin
polymer having a chlorine content of about 20-
80% by weight and a sulfur content of about
0.5-10% by weight with

b) 5-90% by weight, based on the total weight
of the composition, of a compound selected
from the group consisting of polyols,
polyamines, and mixtures thereof, wherein the
equivalent ratio of the compound to sulfur in the
chlorosulfonated olefin polymer is greater than
1:1 and the compound has an equivalent weight
up to 5,000; and with

c) at least 5 % by weight, based on the weight
of the total composition, of a polyisocyanate;
with the proviso that when b) is a polyol alone,
0.1-2 equivalents, per equivalent of sulfur
present in the chiorosulfonated olefin polymer,
of a tertiary amine is additionally present.

In the above embodiment of the process of this
invention the reactants are each present at the
initiation of the reaction. In another embodiment of
the invention, the chlorosulfonated olefin polymer
and the polyol, polyamine, or mixture thereof may
be pre-reacted to form a sulfonate or sulfonamide
intermediate which is subsequently reacted with
the polyisocyanate. When a polyol alone, and not a
mixiure of polyol and polyamine, is present as a
reactant in this embodiment a tertiary amine is
present in the pre-reaction mixture in an amount of
0.1-2 equivalents per equivalent of suifur present in
the chlorosuifonated polyolefin resin. When a
polyamine or mixture of polyol and polyamine is
present in this embodiment, the use of a tertiary
amine is optional.

in another embodiment of the invention a par-
tially sulfonated or sulfonamidated chlorosulfonated
olefin polymer derivative is formed by pre-reaction
of a chlorosulfonated olefin polymer in which a
portion of the reactive sulfonyl chloride groups of
the chlorosuffonated olefin polymer have been de-
rivatized or pre-reacted with a compound selected
from the group consisting of monohydric alcohols
and primary or secondary amines. The resultant
partially sulfonated or sulfonamidated chlorosul-
fonated olefin polymer is subsequently contacted
with the polyol, polyamine or mixtures thereof and
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the polyisocyanate to form a polyurethane or
polyurea resin of the invention. The amount of
derivatizing agent may range from about 0.1 to
about 1 equivalents, per equivalent of sulfur
present in the chlorosulfonated olefin polymer. Use
of monohydric alcohols in excess, to act as both
solvent and reactant, is also contemplated by the
invention. Under such circumstances, wherein more
than one equivalent of monohydric alcohol de-
rivatizing agent is present per equivalent of sulfur
in the chlorosulfonated polyolefin, the final reaction
with polyol or polyamine and isocyanate is a tran-
sesterification or a transamidation. When using
polyols alone rather than polyol/polyamine mixtures
in this embodiment, a tertiary amine is present in
amounts of 0.1-2 equivalents per equivalent of sul-
fur present in the chlorosulfonated polyolefin resin.
The use of fteriiary amines is optional when
polyamines or polyamine/polyol mixiures are used.

Chlorosulfonated resin compositions are thus
produced which are cured polyurethane or
polyurea resins. These novel polyurethane or
polyurea resin compositions have improved phys-
ical and chemical properties which are imparted to
them by incorporation of chlorosulfonated olefin
polymers into the final resin product by first reac-
ting the sulfonyl chioride moieties on the chlorosul-
fonated olefin polymers with an excess of a poly-
hydroxylic or polyamino compound or mixture
thereof, followed by reaction of the hydroxyl or
amino group or groups remaining after the initial
reaction with polyisocyanate. Depending on the
particular chlorosulfonated polymer chosen and its
amount relative to the urethane or urea compo-
nents the chlorine content varies, thus influencing
the final properties of chlorine-containing polyure-
thane or polyurea compositions of this invention.
Use of chiorosulfonated polyolefins containing low
levels of chlorine, about 30-35 weight %, produces
rubbery, non-crystaliine blocks which can increase
the toughness, elongation, and flexibility of the
cured urethane or urea product. Higher chiorine
levels, about 50-60 weight %, increase the glass
transition temperature of the chlorosulfonated olefin
polymer block, thus increasing the hardness and
the barrier properties of the final cured polyure-
thane or polyurea. Incorporation of the chlorosul-
fonated olefin polymer into the resin means that the
polymer is chemically a part of the polyurethane or
polyurea structure. As such the polymer forms a
block or blocks in the structure, in the same man-
ner as do the urethane resin components (derived
from polyisocyanate and polyol) or urea compo-
nents  (derived  from polyisocyanate  and
polyamine). The polyisocyanate and polyol or
polyamine blocks correspond to the residues of
these components after reaction to form the poly-
urethane or polyurea as the case may be. Thus,
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the resin compositions of the present invention are
cured polyurethane or polyurea resin compositions
having chlorosulfonated olefin polymers incorpo-
rated therein through sulfonate or sulfonamide link-
ages.

DETAILED DESCRIPTION OF THE INVENTION

The urethane or urea resin compositions of the
invention comprise blocks derived from chlorosul-
fonated olefin polymer, blocks derived from either
(@) polyol to form a polyurethane resin or (b)
polyamine fo form a polyurea resin, and blocks
derived from polyisocyanate. Said resins contain
10-80% by weight, based on the weight of the
resin, of chlorosulfonated olefin polymer-derived
blocks linked via sulfonate ester or sulfonamide
groups, the polyol or polyamine-derived blocks
comprising 5-90% by weight, based on the weight
of the resin, and the polyisocyanate-derived blocks
comprising at least 5% by weight, based on the
weight of the resin. They are thus cured or cros-
slinked compositions.

The term chlorosulfonated olefin polymer as
used herein means those chlorosulfonated olefin
polymers which contain chlorine in amounts rang-
ing from 20-60 weight % and sulfur in amounts
ranging from 0.5-10 weight %, based on the weight
of the chlorosulfonated olefin polymer. The
chlorosulfonated olefin polymers may be selected
from the group consisting of chlorosulfonated
homopolymers of C;-Cs alpha monoolefins and
chlorosulfonated copolymers of ethylene and at
least one ethylenically unsaturated monomer se-
lected from the group consisting of C3-Cio alpha
monoolefins, C1-C12 alkyl esters of unsaturated Ca-
Czo monocarboxylic acids, unsaiurated C3-Cao
mono-or dicarboxylic acids, vinyl esters of satu-
rated C2-Ci1g carboxylic acids, and carbon monox-
ide. These chlorosulfonated olefin polymers include
chlorosulfonated  polyethylene, chlorosulfonated
polypropylene, chlorosulfonated ethylene/vinyl ace-
tate copolymers, chlorosulfonated ethylene acrylic
acid copolymers, chlorosulfonated  ethylene
methacrylic acid copolymers, chlorosulfonated eth-
ylene methyl acrylate copolymers, chlorosulfonated
ethylene  methyl  methacrylate  copolymers,
chlorosulfonated ethylene n-butyl methacrylate
copolymers, chlorosulfonated ethylene  glycidyl
methacrylate copolymers, and chlorosulfonated
copolymers of ethylene with propylene, butene, 3-
methyl-1-pentene, or octene. Preferred chlorosul-
fonated olefin polymers are chlorosulfonated poly-
ethylene and chiorosulfonated copolymers of eth-
ylene and vinyl acetate.

The chlorosulfonated olefin polymers have
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average molecular weights within the range of
1,000 to 300,000. Those chiorosulfonated olefin
polymers having average molecular weights of
1,000-50,000 are suitable for preparation of
polyurethanes or polyureas for high solids coating
applications, with the preferred average molecular
weight being 5,000 to 10,000. Chiorosulfonated
polyolefins having average molecular weights in the
range of 50,000 fo 300,000 are most suitable for
preparation of polyurethanes or polyureas for adhe-
sive and thermoset applications, with the preferred
average molecular weight being 75,000 to 150,000.

The chlorosulfonated olefin polymers used to
prepare the resins of the invention may be pre-
pared by reacting an alpha monoolefin with a
chlorosulfonating agent at temperatures of about
80-100° C, usually in the presence of a free radical
initiator and an inert solvent. A typical chlorosul-
fonating agent is sulfonyl chloride and a typical
initiator is 2,2’-azobis(2-methylpropane nitrile). Var-
ious chlorosulfonated olefin polymers and methods
for their preparation are discussed, for example, in
U.S. Patent Numbers 2,586,363, and 3,296,222 and
in European Patent Application 0163970 which are
incorporated herein by reference.

The polyols used in the present invention have
equivalent weights up o about 5,000 and have at
least two hydroxyl groups per molecule. They can
be selected from the classes of polyols based on
polyester, polyacrylic, or polyether resins or they
may be polyhydric alcohols. The polyether polyols
are prepared by known methods by the reaction of
aliphatic diols and triols, such as ethylene glycol,
propylene glycol, trimethylolpropane and the like
with a polyhydric initiator. The polyester polyols
used in the present invention can be formed by
reacting a polycarboxylic acid with a polyhydric
compound, such as a diol or triol. The polycarbox-
ylic acids include adipic acid, glutaric acid, succinic
acid, pimelic acid, oxalic acid, malonic acid, sub-
eric acid, azelaic acid, maleic acid and the like.
The polyhydric alcohols include various diols and
triols such as ethylene glycol, 1,2-propylene glycol,
1,3-propylene glycol, butanediols, pentanediols,
trimethylolpropane and the like. The polyacrylic
polyols can be formed by the reaction of
polyacrylic acids with various diols and ftriols such
as ethylene glycol, 1,2-propylene glycol, 1,3-pro-
pylene glycol, butanediols, pentanediols,
trimethylolpropane and the like.

The term polyamine as used hersin means
those aliphatic and aromatic amines having two or
more primary or secondary amino functionalities
per molecule. The term as used herein also en-
compasses those polyamines which have at least
two primary or secondary amino moieties and
which are formed by condensation reactions of
aliphatic or aromatic amines having two or more
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primary or secondary amino functionalities per moi-
ecule with aliphatic or aromatic polycarboxylic ac-
ids. Examples of polyamines that can be used to
prepare the resin compositions of the present in-
vention include, among others, isophoronediamine,
hexamethylenediamine,  ethylenediamine, 1,4-
cyclohexanebis(methylamine), 1,2-diaminopropane,
propylenediamine, diethyl ether diamine, trimethyl-
hexamethylmethylenediamine, methanediamine,
4,4’-methylenebisaniIine, triethylenetetramine,
diethylaminopropylamine, diethylenetriamine, and
N-aminoethylpiperazine. The preferred polyamine
is isophoronediamine. Polyamine condensation pro-
ducts that can be used are condensation products
of polyamines with aliphatic or aromatic polycar-
boxylic acids, such as adipic, azelaic, phthalic,
isophthalic and succinic. The preferred condensa-
tion products are reaction products of
isophoronediamine, hexamethylenediamine,
ethylenediamine, 1,4-cyclohexanebis(methylamine),
1,2-diaminopropane, propylenediamine, disthyl
ether diamine, trimethylhexamethyl-
methylenediamine, methanediamine, 4,4'-
methylenebisaniling, triethylenetetramine,
disthylaminopropylamine, diethylenetriamine, and
N-aminoethylpiperazine.

The polyisocyanates used in the present inven-
tion include monomeric polyisocyanates, such as
foluene diisocyanate, ethylene diisocyanate, pro-
pylene diisocyanate, beta and para-phenylene
diisocyanates, diphenyimethane 4,4,-diisocyanate,
hexamethylene diisocyanate, isophorone
diisocyanate, bis(4-isocyanatocyclohexyl)methane,
and the like. Polymeric isocyanates can also be
used in the present invention, such as those de-
rived from the reaction of toluene diisocyanate and
trimethylolpropane. The particular polyisocyanate
employed is not critical, but diisocyanates are pre-
ferred, and of these the ftrimers of {oluene
diisocyanate and of hexamethylene diisocyanate
are preferred.

The resins are prepared by the general proce-
dure of contacting the chlorosulfonated olefin poly-
mer and an amount of polyol, polyamine, or mix-
ture thereof with a polyisocyanate. The preparation
may be carried out at ambient temperatures and
pressures or at elevated ftemperatures and pres-
sure, and one skilled in the art will be able to adjust
the reaction conditions to control the rate of reac-
tion through routine experimentation. The number
of equivalents of polyol or polyamine must be
greater than the number of equivalents of sulfur
present in the chlorosulfonated olefin polymer. This
insures that free hydroxylic or amino groups are
present to react further with polyisocyanate to form
the polyurethane or polyurea resin product. The
amount of polyisocyanate added is consequently
based on the number of equivalents of polyo! or
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polyamine present minus the number of equiv-
alents of sulfur present in the chlorosulfonated
olefin polymer. The actual equivalent amount of the
polyisocyanate can vary based on the type of
polyisocyanate used and the known fact that many
polyisocyanates react readily with water in the at-
mosphere, thus removing some of the
polyisocyanate from availability for reaction with
the hydroxy or amine functionalities. However, it
has been found that at least 5% by weight, based
on the weight of the total composition, of the
polyisocyanate must be present in order to form
the chlorosulfonated olefin polymer compostions of
the invention. The amount of chlorosulfonated
olefin polymer present in the reactive composition
can be as low as 5 % by weight to accommodate
polyols or polyamines having high molecular
weights. Conversely, the amount of chlorosulfonat-
ed olefin polymer present can be as high as 80
weight % when high molecular weight polyolefins
are utilized, since fewer sulfonyl chloride groups
are required to assure at least two sulfur groups
per molecule. For the same reasons the amount of
polyol or polyamine present in the reactive com-
position ranges from 5-90% by weight wherein the
equivalent ratio of the polyol, or polyamine to sulfur
in the chlorosulfonated olefin polymer is greater
than 1:1. This insures that there are free hydroxy!
or amino groups available for further reaction with
the polyisocyanate. Similarly, there must be a sufii-
cient number of isocyanate moieties present to
react with the free hydroxyl or amino groups
present in the sulfonate or sulfonamide derivative
formed by reaction of the chlorosulfonated olefin
polymer with polyol or polyamine. Depending on
the. molecular weights of the polyisocyanate,
polyol or polyamine, and the chlorosulfonated olefin
polymer this amount will be at least 5% by weight,
based on the weight of the resin, and will generally
fall within the range of 5-90 % by weight of the
total composition.

The chlorosulfonated olefin polymer, polyol,
polyaming, or mixture thereof, and the
polyisocyanate may be contacted simultaneously
to produce a reactive composition which then
reacts to form the product polyurethanes or
polyureas of the invention. When a polyol alone is
used, it is preferred that a tertiary amine be
present in amounts of 0.1-2 equivalents per equiv-
alent of sulfur present in the chlorosulfonated olefin
polymer, t0 act as an acid scavenger. The use of a
tertiary amine is optional when polyamines or mix-
tures of polyols and polyamines are used as reac-
tants. The process may be run in the absence or in
the presence of an inert solvent such as toluene,
xylene, methyl ethyl ketone, or methyl isobutyl
ketone, or in the melt at elevated temperatures.
The viscosity of the reaction mixture will detemine
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whether a solvent or elevated temperature is nec-
essary or desirable. The tertiary amine component
may function as an acid acceptor for the reaction
between the chlorosulfonated olefin polymer and
the polyol and as the catalyst for the reaction
between the polyol or polyamine and
polyisocyanate. Tertiary amines which are pre-
ferred for the present invention must be com-
pounds or mixtures of compounds which have a Kb
of at least 2x10-9. Suitable fertiary amines include
such compounds as frimethylamine, triethylamine,
tributylamine, N-methylmorpholine, N-ethyimor-
pholine, N-cocomorpholine, and 1,4-diazabicyclo-
(2,2,2)octane. The preferred tertiary amines used in
the present invention are triethylamine and
tributylamine.

In another preferred embodiment of the pro-
cess of the invention, the polyurethane or polyurea
compositions may be prepared by first reacting the
chlorosulfonated olefin polymer with excess polyol,
polyamine, or mixtures thereof to produce a mix-
ture of an intermediate sulfonate or sulfonamide
derivative and polyamine. The mixture is then sub-
sequently reacted with a polyisocyanate to form
the final polyurethane or polyurea. In this embodi-
ment 10-80% by weight of the chlorosulfonated
olefin polymer, based on the total weight of the
composition, is reacted with 5-80% by weight of
the polyol, polyamine, or mixiure thereof, based on
the total weight of the composition, whersin the
equivalent ratio of the polyol or polyamine to sulfur
in the chlorosulfonated olefin polymer is greater
than 1:1. The sulfonate or sulfonamide derivative
formed is then combined with at least 5% by
weight of a polyisocyanate, based on the weight of
the total composition, generally 5-90% by weight,
based on the weight of the total composition. The
amount is selected to correspond to an amount of
polyisocyanate about equal to the equivalents of
the polyol or polyamine minus the equivalents of
the sulfur contained in the chlorosulfonated olefin
polymer. When polyurethanes are prepared using
this embodiment it is preferable that 0.1-2 equiv-
alents of a tertiary amine per equivalent of sulfur
present in the chlorosulfonated olefin, be present
during the initial reaction, to act as an acid scaven-
ger. However, when polyamines or mixtures of
polyols and polyamines are used fo prepare
polyureas or mixed polyurethane-polyureas, a terti-
ary amine need not be present.

In a further embodiment of the invention a
portion of the chlorosulfonyl groups present in the
chlorosulfonated olefin polymer may be pre-reac-
ted with a derivatizing agent prior to reaction with
the polyol or polyamine and the polyisocyanate.
Compounds useful for this purpose are primary
and secondary monoamines and monohydric al-
cohols. The primary and secondary amines can be
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chosen from the classes of aliphatic, alicyclic, and
aromatic amines which include methylamine,
ethylamine, propylamine, aniline, ethanolamine,
diethanolamine, N-methylethanolamine, and the
like. The monofunctional alcohol derivatizing agents
that can be used can include any aliphatic, al-
icyclic, or aromatic monofunctional alcohol, such
as, for example, methanol, ethanol, isopropanol,
octanol, benzyl alcohol, or cyclohexanol. Generally,
about 0.1 to about 1 equivalenis of derivatizing
agent are used per equivalent of sulfur present in
the chlorosulfonated olefin polymer. Following reac-
tion of the derivatizing agent with the chlorosul-
fonated olefin polymer, the resultant composition is
further reacted via a combination of substitution
and transesterification or transamidation with 5-
90% by weight, based on the weight of the total
composition, of one of the above-described polyols
or polyamines, or mixtures thereof, and at least 5%
by weight, generally 5-90% by weight, based on
the weight of the total composition of one of the
above-described polyisocyanates fo form a resin
composition of the invention. In cases where a
polyol alone rather than a mixture of polyol and
polyamine, is present with the polyisocyanate for
the final reaction 0.1-2 equivalents, per equivalent
of sulfur present in the chlorosulfonated olefin poly-
mer of a tertiary amine is additionally present. The
use of a tertiary amine is optional in cases where a
polyamine or polyol/polyamine mixture is used in
the final reaction. Monohydric alcohols may be
used in excess in this embodiment to act both as
derivatizing agents and as solvents. In this case the
reacticn of the chlorosulfonated olefin polymer de-
rivative with polyol or polyamine is tfotally by tran-
sesterification or transamidation.

The compositions of the invention are useful
for forming coating compositions, adhesives, ther-
moset resins, membranes, and reaction injection
molded paris.

EXAMPLES

The examples which foliow are submitted to
illustrate and not to limit this invention. All parts
and percentages are on a weight basis unless
otherwise indicated.

COMPARATIVE EXAMPLE 1

This example illustrates the effect of preparing
a polyursthane resin composition in the absence of
a chlorosulfonated olefin polymer. 100 g (0.30
equivalents) of a polyester polyol resin
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(Desmophen® 651 alkyd resin, available from
Mobay Chemical Co.) having an equivalent weight
of 330, was combined with 4 g of methyl ethyl
ketone and 5 g of tributylamine. The mixture was
stirred for 15 minutes and then 65.5 g (0.30 equiv-
alents) of a trimer of hexamethylene diisocyanate
(Desmodur® N3390 isocyanate, available from
Mobay Chemical Co.) having an equivalent weight
of 216 was added with agitation. Over the next 2
hours the viscosity of the solution increased from
220 centipoise to 460 centipoise. At this point,
several 20 mil draw-downs were made onio
Teflon® fluorocarbon resin film. The coatings were
allowed to dry and cure at room temperature for a
minimum of 7 days. After this time a film sample
was extracted with acetone in a Soxhlet extractor
for a minimum of 4 hours to determine the weight
percent insolubles, which was found to be 79%.
The composition of this example, which did not
contain a chlorosulfonated olefin polymer, pro-
duced a film which was undesirably hard and brit-
tle.

COMPARATIVE EXAMPLE 2

This example illustrates the effect of preparing
a polyurethane resin in the presence of a chlorinat-
ed olefin polymer, rather than in the presence of a
chlorosulfonated olefin polymer. 100 g of a 60.2%
solids solution of chlorinated polyethylene (Cl con-
tent 36.4%) in toluene was diluted with 100 g of
methyl ethyl ketone. To this solution were added
92.6 g (0.28 equivaients) of a polyester polyol resin
(Desmophen® 651 alkyd resin, available from
Mobay Chemical Co.) having an equivalent weight
of 330 and 9.0 g of tributylamine. The mixiure was
stirred for several hours and then 60.2 g (0.28
equivalents) of a trimer of hexamethylene
diisocyanate (Desmodur® N3390 isocyanate, avail-
able from Mobay Chemical Co.) having an equiv-
alent weight of 216 was added. The viscosity was
allowed to increase and then several 20 mil draw-
downs were made onto Teflon® fluorocarbon resin
film. The coatings were allowed to dry and cure at
room temperature for a minimum of 7 days. Afier
this time a film sample was extracted with acetone
in a Soxhlet exiractor for a minimum of 4 hours to
determine the weight percent insolubles. The %
insolubles, 47.0%, indicated that essentially all of
the low molecular weight chiorinated polyolefin had
been exiracted out of the crosslinked urethane
composition.

EXAMPLE 3
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100 g of a 30.5% solids solution of chlorosul-
fonated polyethylene [chiorine content 44.9%, sul-
fur content 2.5%, prepared from a polyethylene
base resin having a number average molecular
weight of 5,000 (AC-6® polyethylene, available
from Allied-Signal Corp.)] (0.024 equivalents suliur)
in toluene was diluted with 100 g of methyl ethyl
ketone. To this solution was added 109 g (0.33
equivalents) of a polyester polyol resin
(Desmophen® 651 alkyd resin, available from
Mobay Chemical Co.) having an equivalent weight
of 330 and 5 g (0.03 equivalents) of tributylamine.
The mixture was stirred for several hours and then
66.7 g (0.31 equivalenis) of a-trimer of hex-
amethylene diisocyanate (Desmodur® N3390
isocyanate, available from Mobay Chemical Co.)
having an equivalent weight of 216 was added. The
viscosity was allowed to increase and then several
20 mil draw-downs were made onto Teflon®
fluorocarbon resin film. The coatings were allowed
to dry and cure at room temperature for a mini-
mum of 7 days. After this time a film sample was
extracted with acetone in a Soxhlet exiractor for a
minimum of 4 hours to determine the weight per-
cent insolubles. The % insolubles, 95.7%, indicated
{hat the chlorosulfonated olefin polymer had been
incorporated into the polyursthane resin product.

EXAMPLE 4

100 g of a 30.5% solids solution of chlorosul-
fonated polyethylene [chlorine content 44.9%, sul-
fur content 2.5%, prepared from a polyethylene
‘base resin having a number average molecular
weight of 5,000 [AC-6® polyethylene, available
from Allied-Signal Corp.)] (0.024 equivalents suliur)
was diluted with 100 g of methyi ethyl ketone. To
this solution was added 94 g (0.28 equivalents) of
of a polyester polyol resin (Desmophen® 651 alkyd
resin, available from Mobay Chemical Co.) having
an equivalent weight of 330 and 5 g (0.03 equiv-
alents) of tributylamine. The mixture was stirred for
several hours and then 51 g (0.24 equivalents) of a
trimer of hexamethylene diisocyanate (Desmodur®
N3390 isocyanate, available from Mobay Chemical
Co.) having an equivalent weight of 216 was added.
The viscosity was allowed to increase and then
several 20 mil draw-downs were made onio
Teflon® fluorocarbon resin film. The coatings were
allowed to dry and cure at room temperature for a
minimum of 7 days. After this time a film sampie
was extracted with acetone in a Soxhlet extractor
for a minimum of 4 hours fo determine the weight
percent insolubles. The % insolubles, 84.9%, in-
dicated that the chlorosulfonated olefin polymer
had been incorporated into the polyurethane resin
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product.

EXAMPLE 5

100 g of an 81.1% solids solution of chlorosul-
fonated polyethylene [chlorine content 31.5%, sul-
fur content 1.7%, prepared from a polyethylene
base resin having a number average molecular
weight of 5,000 (AC-8 polyethylene, available from
Allied-Signal Corp.)] (0.043 equivalents sulfur) in
toluene was diluted with 100 g of methyl ethyl
ketone. To this solution was added 53.5 g (0.16
equivalents) of a polyester polyol resin
(Desmophen® 651 alkyd resin, available from
Mobay Chemical Co.) having an equivalent weight
of 330 and 8.7 g (0.05 equivalents) of tributylamine.
The mixture was stirred for several hours and then
66.7 g (0.31 equivalents) of a trimer of hex-
amethylene diisocyanate (Desmodur®  N3390
isocyanate, available from Mobay Chemical Co.)
having an equivalent weight of 216 was added. The
viscosity was allowed to increase and then several
20 mil draw-downs were made onto Teflon®
fluorocarbon resin film. The coatings were allowed
to dry and cure at room temperature for a mini-
mum of 7 days. After this time a film sample was
extracted with acetone in a Soxhlet extractor for a
minimum of 4 hours to determine the weight per-
cent insolubles. The % insolubles, 66.7%, indicated
that the chlorosulfonated polyolefin resin had been
incorporated into the polyurethane resin product.

EXAMPLE 6

100 g of a 61 weight % solids solution of
chlorosuffonated polyethylene [chlorine content
44.9%, sulfur content 2.5%, prepared from a poly-
ethylene base resin having a number average mo-
lecular weight of 5,000 [AC-6@® polyethylene, avail-
able from Allied-Signal Corp.], (0.048 equivalents
sulfur) was mixed with 100 g of methyl ethyl ke-
tone, 94 g (0.28 equivalents) of a polyester polyol
resin (Desmophen® 651 alkyd resin, available from
Mobay Chemical Co.) having an equivalent weight
of 330 and 2.9 g (0.048 equivalents) of isopropyl
alcohol. The mixture was stirred and 9.9 g (0.05
equivalents) of tributylamine was added. After the
addition of the tributylamine the viscosity slowly
increased from 68 centipoise to 550 centipoise.
The mixture was allowed to stir at room tempera-
ture. 51.3 g (0.23 equivalents) of a frimer of hex-
amethylene diisocyanate (Desmodur® N3390
isocyanate, available from Mobay Chemical Co.)
having an equivalent weight of 216 was added and
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the viscosity monitored. When the viscosity had
increased from 330 centipoise to 900 centipoise
several 20 mil draw-downs were made onio
Teflon® fluorocarbon resin film. The coatings were
allowed to dry and cure at room temperature for a
minimum of 7 days. After this time a film sample
was extracted with acetone in a Soxhlet extractor
for a minimum of 4 hours to determine the weight
percent insolubles, which were found to be 93%.

EXAMPLE 7

100 g of a 48 weight % solution of chlorosul-
fonated polyethylene (chiorine content 44.6%, sul-
fur content 4.8%, prepared from a polyethylene
base resin having a number average molecular
weight of 30,000 (C-10® polyethylene, available
from Eastman Chemical Co.)], (0.0615 equivalents
sulfur) in toluene was mixed with 70 g of methyl
ethyl ketone, 3.6 g (0.062 equivalents) isopropyl
alcohol and 128 g (0.065 equivalents)
tributylamine. The mixture was stirred at room tem-
perature for one hour to allow for the complete
formation of the isopropy! sulfonate. 63.1 g (0.191
equivalents) of a polyester polyol resin
(Desmophen® 651 alkyd resin, available from
Mobay Chemical Co.) having an equivalent weight
of 330 and 27.9 g (0.13 equivalents) of a trimer of
hexamethylene diisocyanate (Desmodur® N3390
isocyanate, available from Mobay Chemical Co.)
having an equivalent weight of 216 were added
with stirring. When the viscosity had increased to
more than twice the initial value several 20 mil
draw-downs were made onto Teflon® fluorocarbon
resin film. The coatings were allowed to dry and
cure at room temperature for minimum of 7 days.
After this time a film sample was extracted with
acetone in a Soxhlet extractor for a minimum of 4
hours to determine the weight percent insolubles.
The value of 76.3% insolubles obtained demon-
strates that the chlorosulfonated polyolefin was in-
corporated into the cured composition, in spite of
the fact that the sulfonyl chloride group had been
converted to the isopropyl ester.

EXAMPLE 8

73.3 g of a polyester polyol (Desmophen® 651
alkyd resin, available from Mobay Chemical Co.)
having an equivalent weight of 330 (0.222 equiv-
alents), 6.8 g tributylamine (0.037 equivalents) and
50 g of methyl isobutyl ketone were mixed in a 250
ml beaker. 50 g of a 43 weight % solids solution of
chlorosulfonated polyethylene [chlorine content
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42.9%, sulfur content 5.3% , prepared frcm a poly-
ethylene base resin having a number average mo-
lecular weight of 30,000 (C-10@ polyethylene, avail-
able from Eastman Chemical Co.)],(0.036 equiv-
alents sulfur) in toluene was added slowly to the
above mixture over a period of 5-10 minutes. After
the addition of the chlorosulfonated polyolefin was
complete, 55.7 ¢ of a trimer of hexamethylene
diisocyanate (Desmodur® N3390 isocyanate, avail-
able from Mobay Chemical Co.) having an equiv-
alent weight of 216 (0.26 equivalent) was added
rapidly with vigorous stirring. The mixture was al-
lowed to stand at room temperature while the vis-
cosity was monitored. When the viscosity had ex-
ceeded 750 centipoise several 20 mil draw-downs
were made onto Teflon® fluorocarbon resin films.
The films were allowed to dry and cure at room
temperature for a minimum of 7 days. After this
time a film sample was extracted for a minimum of
4 hours with acetone and the weight percent in-
solubles was determined to be 89% indicating that
the chlorosulfonated olefin polymer was incorpo-
rated into the polyurethane resin product.

EXAMPLE 9

50 g of a 65 weight percent solids solution of
chlorosulfonated polyethylene [chlotine content
44.9%, sulfur content 2.5%, prepared from a poly-
ethylene base resin having a number average mo-
fecular weight of 5,000 (AC-6® polyethylene, avail-
able from Allied-Signal Corp.)] (0.025 equivalents
sulfur) in toluene was mixed with 30 g of methyl
ethyl ketone, 1.5 grams of isopropanol (0.025°
equivalents) and 4.6 ¢ of tributylamine (0.025
equivalents). The mixture was stirred and allowed
to react for a minimum of 15 minutes. Then, 36.1 g
of a trimer of hexamethylene diisocyanate
(Desmodur® N3390 isocyanate, available from
Mobay Chemical Co.) having an equivalent weight
of 216 (0.167 equivalents) was added with stirring.
There was no detectable increase in viscosity. 10.2
g of isophoronediamine (0.128 equivalents) was
added with vigorous stirring. There was an imme-
diate and continual increase in the viscosity of the
mixture. A fully crosslinked, polyurea thermoset
resin was obtained.

EXAMPLE 10

50 g of a 65 weight percent solids solution of a
chlorosulfonated polyolefin [chlorine content 44.9%,
sulfur content 2.5% prepared from a polyethylene
base resin having a number average molecular
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weight of 5,000 (AC-6® polyethylene, available
from Allied-Signal Corp.)] (0.025 equivalents suliur)
in toluene was mixed with 20 g of methyl ethyl
ketone, and 36.1 g of a trimer of hexamethylene
diisocyanate (Desmodur® N3390 isocyanate, avail-
able from Mobay Chemical Co.) having an equiv-
alent weight of 216 (0.167 equivalenis) was added
with stirring. There was no detectable increase in
viscosity. A mixture of 19.2 g of an aliphatic
polyamine resin [Versamide® 150, available from
Henke! Chemical Co. having an equivalent weight
of 102 (0.188 equivalents), 10 g of methyl ethyl
ketone and 1.5 g of isopropanol (0.025 equivalents)
were added with vigorous stirring. There was an
immediate and continual increase in the viscosity
of the mixture. A fully crosslinked, intractable
polyurea resin was obtained.

EXAMPLE 11

50 g of a 75% solids solution of chlorosul-
fonated ethylene/vinyl acetate copolymer [melt in-
dex 2500, chlorine content 39.2%, sulfur content
3.08%,], (0.039 equivalents sulfur) was mixed with
30 g methyl ethyl ketone, 63.6 g (0.193 equiv-
alents) of a polyester polyol (Desmophen® 651
alkyd resin, available from Mobay Chemical Co.)
having an equivalent weight of 330, and 7.22g of
tributylamine (0.039 equivalents). The mixture was
stirred for 15 minutes. Then 41.7 g (0.417 equiv-
alents) of a trimer of hexamethylene diisocyanate
(Desmodur® N3390 isocyanate, available from
Mobay Chemical Co.) having an equivalent weight
of 216 was added with stirring. When the viscosity
of the mixture had increased to greater than 500
centipoise, several 20 mil draw-downs were made
onto Teflon® fluorocarbon resin film. The draw-
downs were allowed to dry and cure at room tem-
perature for a minimum of 7 days. After this time
the film samples were removed from the Teflon®
fluorccarbon resin films and exiracted with methyl
ethyl ketone in a soxhlet extractor for a minimum of
4 hours. The percent insoluble material was deter-
mined to be 78.1%.

Claims

1. A chlorosulfonated olefin polymer resin composi-
tion comprising the reaction product of:
a) 10-80 % by weight, based on the weight of
the resin, of a chlorosulfonated olefin polymer
having a chlorine content of about 20-60% by
weight and a sulfur content of about 0.5-10% by
weight;
b) 5-90% by weight, based on the weight of the
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resin, of a compound selected from the group
consisting of polyols, polyamines, and mixtures
thereof, wherein the equivalent ratio of the com-
pound to sulfur in the chlorosulionated olefin
polymer is greater than 1:1 and the compound
has an equivalent weight up to 5,000; and
¢) at least 5% by weight, based on the weight of
the resin, of a polyisocyanate.
2. The resin composition of Claim 1, wherein the
chlorosulfonated olefin polymer is selected from
the group consisting of chlorosulfonated homo-
polymers of C2-Ce alpha monoolefins and
chlorosulfonated copolymers of ethylene and at
least one ethylenically unsaturated monomer se-
lected from the group consisting of C3-Cio alpha
monoolefins, C1-C12 alkyl esters of unsaturated Cs-
Czo monocarboxylic acids, unsaturated C3-Cao
mono- or dicarboxylic acids, vinyl esters of satu-
rated C2-Cis carboxylic acids, and carbon monox-
ide.
3. The resin composition of Claim 1, wherein the
chlorosulfonated olefin polymer is selected from
the group consisting of chiorosulfonated polyethyl-
ene, chlorosulfonated polypropylene, chlorosul-
fonated ethylene vinyl acetate copolymers,
chlorosulfonated ethylene acrylic acid copolymers,
chlorosulfonated  ethylene  methacrylic  acid
copolymers, chlorosulfonated ethylene methyl ac-
rylate copolymers, chlorosulfonated ethylene meth-
yl methacrylate copolymers, chlorosulfonated eth-
ylene n-butyl methacrylate copolymers, chlorosul-
fonated ethylene glycidyl methacrylate copolymers;
and chlorosulfonated ethylene copolymers of eth-
ylene with propylene, butene, 3-methyl-1-pentene
or octene.
4. The resin composition of Claim 1 wherein the
chlorosulfonated olefin polymer is chlorosulfonated
polyethylene.
5. The resin composition of Claim 1 wherein the
chlorosulfonated polyolefin is a chlorosulfonated
ethylene vinyl acetate copolymer.
6. The resin composition of Claim 1, wherein the
chlorosulfonated olefin polymer has a chlorine con-
tent of about 30-50% and a sulfur content of about
1-3%.
7. The resin composition of Claim 1, wherein the
chlorosulfonated olefin polymer has an average
molecular weight of 1,000-50,000.
8. The resin composition of Claim 1, wherein the
polyol is selected from the group consisting of
polyester polyols, polyether polyols, polyacrylic
polyols, and mixtures thereof.
9. The resin composition of Claim 1 wherein the
polyamine is isophoronediamine.
10. The resin composition of Claim 1 wherein the
polyamine is the reaction product of an aliphatic or
aromatic amine having two or more primary or
secondary amino functionalities per molecule with
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a compound selected from the group consisting of
a aliphatic polycarboxylic acids, cycloaliphatic poly-
carboxylic acids, and aromatic polycarboxylic ac-
ids.
11. A process for preparing a chlorosulfonated
olefin polymer resin composition which comprises
contacting:
a) 10-80 % by weight, based on the total weight
of the composition, of a chlorosulfonated olefin
polymer having a chlorine content of about 20-
60% by weight and a sulfur content of about
0.5-10% by weight; with
b) 5-90% by weight, based on the tfotal weight
of the composition, of a compound selected
from the group consisting of polyols,
polyamines, and mixtures thereof, wherein the
equivalent ratio of the compound to sulfur in the
chlorosulfonated olefin polymer is greater than
1:1 and the compound has an equivalent weight
up to 5,000; and with
¢) at least 5% by weight, based on the weight of
the total composition, of a polyisocyanate; with
the proviso that when b) is a polyol alone, 0.1-2
equivalents, per equivalent of sulfur present in
the chlorosulfonated olefin polymer, of a tertiary
amine is additionally present.
12. The process of Claim 11 wherein b) is a
polyamine or a polyol/polyamine mixture and 0.1-2
equivalents, per equivalent of sulfur present in the
chlorosulfonated olefin polymer, of a tertiary amine
is additionally present.
13. The process of Claim 11 wherein a solvent is
additionally present.
14. The process of Claim 12, wherein a solvent is
additionally present.
15. A process for preparing a chlorosulfonated
olefin polymer resin composition which comprises:
1) preparing an intermediate by contacting
a)10-80 % by weight, based on the total
weight of the composition, of a chlorosul-
fonated olefin polymer having a chlorine con-
tent of about 20-60% by weight and a sulfur
content of about 0.5-10% by weight; with
b) 5-90% by weight, based on the total
weight of the composition, of a compound
selected from the group consisting of polyols,
polyamines, and mixtures thereof, wherein
the equivalent ratio of the compound to sulfur
in the chlorosulfonated olefin polymer is
greater than 1:1 and the compound has an
equivalent weight up to 5,000, with the pro-
viso that when b) is a polyol alone, 0.1-2
equivalents per equivalent of sulfur present in
the chlorosulfonated olefin polymer, of a terti-
ary amine is additionally present in the mix-
ture used to prepare the intermediate of step
1; and
2) further contacting the resultant intermediate
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with at least 5% by weight, based on the weight
of the total composition, of a polyisocyanate.
16. The process of Claim 15, wherein b) is a
polyamine or a polyol/polyamine mixture and 0.1-2
equivalents per equivalent of sulfur present in the
chlorosulfonated olefin polymer, of a tertiary amine
is additionally present in the mixture used to pre-
pare the intermediate of step 1.
17. A process for preparing a chlorosulfonated
olefin polymer resin composition which comprises:
1) preparing a derivative by contacting:
a) 10-80 % by weight, based on the total
weight of the composition, of a chlorosul-
fonated olefin polymer having a chlorine con-
tent of about 20-60% by weight and a sulfur
content of about 0.5-10% by weight; with
b) 0.1-1 equivalent, per equivalent of sulfur
present in the chlorosulfonated olefin poly-
mer, of a compound selected from the group
consisting of primary amines, secondary
amines, monofunctional alcohols, and mix-
tures thereof; and
2) further contacting the resultant derivative with:
c) 5-90% by weight, based on the total
weight of the composition, of a compound
selected from the group consisting of polyols,
polyamines, and mixtures thereof, wherein
the equivalent ratio of the compound to sulfur
in the chlorosulfonated olefin polymer is
greater than 1:1 and the compound has an
equivalent weight up to 5,000; and with
d) at least 5% by weight, based on the
weight of the total composition, of a
polyisocyanate. with the proviso that when c)
is a polyol alcne, 0.1-2 equivalents per equiv-
alent of sulfur present in the chlorosulfonated
olefin polymer, of a tertiary amine is addition-
ally present.
18. The process of Claim 17 wherein c¢) is a
polyamine or a polyol/polyamine mixture and 0.1-2
equivalents, per equivalent of sulfur present in the
chlorosulfonated olefin polymer, of a fertiary amine
is additionally present.
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